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Further Details on CF 3 O − CIMS Analysis Figure S1 .
CIMS MS signals of 3-methyl catechol oxidation products (panel a) and MS/MS signals of tetrahydroxy toluene (panel b)
for experiment 10. Desorption of compounds from instrument walls was measured by sampling photooxidation products generated in the chamber (yellow) and then immediately switching to purified air (white). *CIMS signal is normalized to time right before lights off. factor as phenol to catechol a Polarizability was estimated using the refractive index of each compound reported in Lide (2001) as done by Dewar and Stewart (1984) . b The reported dipole moment is the average of all values reported in McClellan (1974) for experiments using benzene as a solvent and taken between 20-30°C. c The sensitivity factor equals the ion-molecule collision rate of the compound divided by the ion-molecule collision rate of o-cresol for toluene related compounds or phenol for benzene related compounds.
As done by Dewar and Stewart (1984) , polarizability was estimated using the refractive index reported in Lide (2001) and
24 whereP is the average polarizability, n is the refractive index, N is Avogadro's number, M is the molecular weight, and d is the density. The dipole moments measured in benzene and reported
by McClellan (1974) were used to estimate the CIMS sensitivity. Dipole moments measured in air would be more accurate than those measured in benzene. However, very few dipole moments measured in air are available for the aromatic compounds 5 
The sensitivity factors are listed in Table S1 . b The photooxidation isomer distribution reported by Klotz et al. (1998) was used to create a generalized cresol sensitivity factor.
of interest. For phenol, the CIMS sensitivity decreases by 7% when using the dipole moment measured in air (Pedersen et al., 1969) versus the dipole moment measured in benzene (McClellan, 1974) .
As noted in Table S1 when refractive index was unavailable, the polarizability for the closest related compound was used.
The ion-molecule collision rate for each compound was estimated using the polarizabilities and dipole moments reported in Table S1 and the technique described in Su and Chesnavich (1982) . The sensitivity is expected to be proportional to the 5 ion-molecule collision rate. The sensitivity factor reported in Table S1 is the ratio of the ion-molecule collision rate for the compound to that of o-cresol for toluene related compounds and phenol for benzene related compounds.
As stated in the main text, the o-cresol or 3-methyl catechol water curve was used to determine the sensitivity of a compound with a correction for the ion-molecule collision rate. In Table S2 , the water curve correction and the sensitivity factor used for each compound is reported. In some cases, as specified in Table S2 the polarizability and dipole moments were not available 10 for toluene related compounds, so the benzene counterpart was used instead. Note that depending on the fraction of isomers of dihydroxy toluene that form from o-cresol oxidation, dihydroxy toluene may be underestimated. 3-methyl catechol has the highest sensitivity of all the isomers that could form from o-cresol oxidation (3-methyl catechol, 2-methyl resorcinol, 4-methyl resorcionol, and methyl hydroquinone). Similarly, depending on the exact isomer distribution that forms from dihydroxy toluene oxidation, trihydroxy toluene may be underestimated. 1,3,5-trihydroxy benzene has a lower sensitivity factor (1.32) 15 compared to that for 1,2,3 benzene triol (1.47). Polarizability and dipole moment measurements are not available for hydroxy methyl benzoquinone or dihydroxy methyl benzoquinone. Thus, we assume that hydroxy methyl benzoquinone behaves like o-cresol and dihydroxy methyl benzoquinone behaves like 3-methyl catechol. CIMS measurements and kinetic model results for products from low-NO oxidation of benzaldehyde are displayed in Figure   S2 . Nitrosophenol is detected from benzaldehyde oxidation under high-NO conditions ( Figure S3 ). Previous studies have detected a product (C 6 H 5 O(NO)) from the reaction of phenoxy with NO (Tao and Li, 1999) . The exact isomer that forms has not been experimentally confirmed. Based on theory, nitrosophenol is the most stable isomer (Yu et al., 1995) . Two kinetic studies (Berho et al., 1998; Yu et al., 1995) proposed that phenyl nitrite is the dominant isomer given that nitrosophenol, which requires rearrangement, would not form at the timescales of their studies. C 6 H 5 O(NO) was detected at the fluorine transfer at m/z (-) 5 142, implying that it is acidic like nitrosophenol. Possibly, nitrosophenol is over-predicted by version 3 of the kinetic model ( Figure S3 ) because two isomers (nitrosophenol and phenyl nitrite) form and the CIMS is only sensitive to nitrosophenol. The reaction rate constant for C 6 H 5 O + NO measured by Berho et al. (1998) (1.65 x 10 -12 cm 3 molec −1 s −1 ) is used in the revised mechanism. The reaction of C 6 H 5 O + NO has been shown to be reversible, but not at temperatures relevant to this study (Berho et al., 1998; Yu et al., 1995) .
10
m/z (-) 183, assumed to be a fragment of dinitrophenol, is possibly also maleic anhydride (cluster). Maleic anhydride is a decomposition product from dinitrophenol in MCM v3.3.1. However, the predicted amount of maleic anhydride formed in the kinetic mechanism (version 1 and 3) is ∼0.2 ppb after 18 hours of oxidation ( Figure S3 ). Additionally, all nitro products detected by the CIMS have a corresponding fragment at the the F − transfer minus 20 (hydroxy nitrotoluene, dihydroxy nitrotoluene, and nitrophenol). Thus, the m/z (-) 183 signal is attributed to dinitrophenol. 
5

S2 Further Details on Kinetic Model
The initial conditions specified in Table 1 in Version 2 and oxidation products for 3-methyl catechol and benzaldehyde. The reactions and rate constants are listed in Table S3 and abbreviations are defined in Table S4 . These reactions were included to test the chemistry proposed in the main text. Exact branching ratios and reaction rates for these reactions are unknown. Estimates based on known reactions of similar compounds were used.
Hydrogen abstraction from the hydroxy group of 3-methyl catechol, OH3TOL, and OH4TOL is assumed to form an in-
15
termediate that then reacts with NO 2 to from a nitro compound. Under low-NO conditions, there is no loss process for this intermediate in the kinetic model or MCM v3.1.1. In experiments 1 and 2, after all injections were complete, lights on was 8 delayed for 2.5 h to estimate the wall loss of o-cresol. Wall loss of all other compounds is explained in section 4.2.1 in the main text. Figure S5 . Linear fit to natural log of wall deposition rate constant versus natural log of C* used to estimate wall deposition of compounds that cannot be directly measured. Estimated in this study a Reaction rate units are cm 3 molec −1 s −1 unless otherwise noted. a Throughout most of the experiment, the peroxy radical distribution was that stated. However, over the first hour there was exponential convergence to these steady state values from RO2 + RO2 = 100% and RO2 + HO2 = 0%.
S3 DART-MS Analysis Details and Product Identification
S3.1 DART-MS Analysis Details
A mass calibrant and an independent quality assurance/quality control (QA/QC) compound were run with each sample set to ensure mass accuracy to within 5 mDa. The mass calibrant used for positive mode was polyethylene glycol (average molecular weight of 600 amu, PEG-600; Acros Organics, Geel, Belgium), which was dissolved in methanol. The independent QA/QC 5 compound used is reserpine, which was purchased from Sigma-Aldrich and diluted in methanol.
Tweezers were used to introduce the samples into the DART gas stream. Before analysis, the tweezers were rinsed with acetone, and were introduced into the gas stream to vaporize any contaminants. A strip (∼1 cm) was cut from each sample substrate for testing. The cutting was tested in triplicate, with each sampling being from a different area of the substrate.
In these studies, a solution of PEG-600 (50 µL in 10 mL of methanol) was used to calibrate (61-679 Da) the mass spec-10 trometer for each run. Acceptable calibration was determined if the calibration Mass Center software produced a residual value of >9 x 10 −12 . To ensure proper calibration, a solution of reserpine (5 mg in 10 mL of methanol) was analyzed subsequent to the PEG-600 in every sample run. Calibration was deemed sufficient if the m/z of reserpine fell within ± 0.005 Da of the theoretical value (609.281 Da).
The instrument used was a JEOL (Tokyo, Japan) AccuTOF™ mass spectrometer (JMS-T100LC) coupled with an IonSense (Saugus, MA, USA) DART® source. Ultra-pure helium was used as the ionizing gas with a flow rate of 1.75 L min −1 . For all analyses, the DART® source was set to a needle voltage of ±3.5 kV. Electrode 1 and electrode 2 voltages were both set to 5 ±150 V. Mass spectrometer settings include: an orifice 1 voltage of ±20 V, orifice 2 voltage of ±5 V, a ring lens voltage of ±5 V, a peaks voltage of 1500 V, a mass range of 50 -1500 m/z at 0.5 seconds per scan. A helium gas stream temperature of 325°C was also employed.
S3.2 DART-MS Product Identification
Best available knowledge was used to assign the compounds displayed in Tables S6, S7 , and S8. The smaller compounds could 10 be fragmentation products. C x H y NO and C x H y NO 2 were assumed to be amines. These products could also be small nitro or nitroso compounds or fragmentation products of nitrates. Products that appeared to be fragmentation products (i.e., reasonable structures could not be drawn) were excluded from the list. The structure of each compound was necessary to estimate the vapor pressure. The most probable dominant isomer was selected in all cases, but there are likely many additional structural isomers that form as well. The abundances reported in Tables S6, S7 , and S8 are not meant to be used quantitatively due to uncertainties 15 in the vapor pressure estimation methods and centroid fitting algorithm. Often each m/z contained many over-lapping peaks and corrections were not made for isoptope effects. Estimation Method in parenthesis: E = EVAPORATION method, and N = Nannoolal method.
Other studies have reported structural isomers of the compounds listed in Table S6 , S7, and S8 in the gas-phase and particlephase from toluene SOA (Jang and Kamens, 2001; Sato et al., 2007) . Peaks for C 7 H 8 O 4 and C 7 H 8 O 5 had the largest intensity in 18 Figure S6 . Epoxide pathway oxidation mechanism under both low-and high-NO conditions as recommended by MCM v3.3.1 the particle-phase measurements in the study by Sato et al. (2007) , but it should be noted that only 1% of the SOA constituents were quantified in that study. Both of these prior studies (Jang and Kamens, 2001; Sato et al., 2007) suggest that the compounds are ring-opening products not produced from the cresol pathway. Given the new evidence from the CF 3 O − CIMS in this study, it is clear that these compounds are produced from the cresol pathway.
Products detected in the particle-phase by the DART-MS under o-cresol high NO conditions are shown in Figure S7 . An with boxes identifying the following types of compounds: polyols (black), methyl benzoquinone type compounds (magenta), decomposition products from the bicyclic intermediate pathway (cyan), products with more than 7 carbons (gold), and nitro compounds (green).
